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1 EXECUTIVE SUMMARY architectural, and engineering communication. 
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struction technology. 

We recall the words of former Chancellor Clifford V. Smith, Jr. of 
the University of Wisconsin-Milwaukee, as quoted in the Milwau¬ 
kee Journal and elsewhere, “With this sizable grant and the unique 
challenges it brings, the University of Wisconsin-Milwaukee and its 



2. PREFACE CorporationofAmerica’sTechnologyDevelopmentCenter.aworld- 

wide aeronautics and aerospace company headquartered in Milwau¬ 
kee, to define space design issues and criteria. In the fall of 1987, the 
•resents the architectural design for a lunar base habitat Department of Architecture offered its first studio in Space Archi- 


« 2 >» 
•£3 
«o U S. 

^ 5 £ 
i .0 <i o 

; -S g * 
& 0 

I «3 

I « g .2 

! | u S 

1 O co 

! QJ 2 

Ifll 

3 ra o O 

> c 5 j=s 

O Q *C 

3 CO to B 

> w b 

« s 8 

3 « -s s? 

rs *2 
1 M 
S g, 2 ’I 
if i § 

3 K 4 £ 
: S e 
3 S 3 E C 

q 2 ^ a 

* O CO 

• 43 M 

> .tS X, p 
3 43 X M 
t O OO t3 


.0 « 

OO 

ft C 
2 0 

2 a 


O OO 

S-S2 


| £ 

00 o 

'> -g 

T3 *5 

c ^ 

c3 ^ 
^ G 

u' ^ 

S o 

3 ^ 

-2 ;g 
12 “ 
.2 43 

43 'S 

8 I 

Oh ” 

§ 6 

2 S' 

( *S x) 

o .8 

g c 

I? 

i 2 
6* 

«1 
I g 


< e 

•s g 

W) ,S 

t3 ^ : 

§ 8 
•S'? 

T2 r 
cn w> 1 

43 43 ‘ 

■s r 

' 

a Pi 

« a 

a 5. • 

c < 
.5 00 


c ^ 
TS 

T3 O 

1 ) 00 

43 43 

6 a 


g 6 c *8 
Sago 

.s a § s 

! sio 

•S -g s 

C 43 c3 


T3 J) C 
O O W) 

t-» ctf **-• 

2 Q. W 

S-^Q 

Cl 6/5 *—* 

3 o ^ 


8< 


c «> 
00 a 

•s ■£ 
« >» 
Q .0 


’H.-s g 

T3 0 -rt 

§ § I 

s - < 

•B Sr 
43 ,o o 

43 ^ u 
G 43 d 

’8)5 8 
w ^ 


43 V 5 

1 b 5=3 
.0 H2 


00 

2 « 

SS. 

,cd < 


O 3 

u i 

II 

” i 

if 

g c o 

o 

St 

If 

•o 3 

co <3 


*8 8 o 

t: a " > o 

O S O r N 

e ss e a •§ 


& s ^ ^ 

43 Ph C/5 C 

slip 

lilts 


>> c 

i;-g 

Is 

W G 

43 O 

« « 

o S 

H. ^ 

O G 
43 C 

Ql* 

T3 CX 

C CO 

ecs 

i s 

o -2 

W) 43 

co *5 
Ic >; 

S 2 

rn ^ 
O 

G tt 
43 S 
x> S 


c 2 
'5 s . 

O 10 

o 8 

Uh <n 


<2^ 43 

- O 

>% 

W5 
T3 C 

^ 3 . 
a o g 

1 is a 

g c -S 
OS'* 
•awn 
o c o 
g O « 

1 1.3 

O 

W {2-c 

a O >0 

S I .2 

C £ & 

•a Sa g 

o .0 

Q a x 

-II 

8 I § 

o a 5 

a 3 8. 

c3 c3 ert 
-O G ” 

gel 

3 CO 2 

CO d ^ 


* c 

CO 43 

« 6 ■ 

J3 a. 


CO CO 
•*-< o 
4 _i co 

O 43 

& 8 

§ fx 


e 43 

J g- 

8 & 

§ 73 

C L 

2 -a 

i £ 

d *t3 
6 § 

s - 

I a 

S' s 

Oh CO 

a 13 

43 43 

£0 

o 


a “ 


C g 

i 1 

i I 

s* s 

s « 


School of Architecture and Urban Planning (UWM/SARUP) have Program. UWM/Architecture is one of 44 universities in the NASA/ 

been actively involooved in the research, analysis, and design of USRA University Advanced Design Program, and one of only three 
extraterrestrial environments since the spring of 1987. architecture schools in the program. The program stresses the 

systems approach to design in which the class works together on a 

In early 1987, the School began working with the Astronautics major “real world” project. 
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During the design phase of the project, three different design scenar¬ 
ios were explored based on differing sets of engineering and archi¬ 
tectural assumptions: (1) use of prefabricated Space Station Free- 
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We also owe our thanks to the following: to our Visiting Faculty, 
Profs. Ryoichi S. Amano, Department of Mechanical Engineering; 
A1 Ghorbanpoor, Department of Civil Engineering; Robert Green- 
street and Anthony J. Schnarsky, Department of Architecture; Umesh 
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architectural and architectural/engineering design solutions to space 

design issues involved in the “bridge between worlds,” in particular, 3. Contained within the next generation of sophisticated 

in response to lunar outpost evolution, human factors and environ- Earth-lunar transport systems, expected to be comprised 

ment-behavior issues, safety, energy, construction technology, and of four primary components: 

the utilization of natural resources. 
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Each of these mission objectives and their associated performance oped a lunar outpost initiated from that document. A group of 11 

requirements are examined in detail in the next major section, students, more than half of whom had been in the fall seminar, 

Section 6. were drawn from architecture, interior design, and mechanical and 

structural engineering. Issues considered included anthropomet 
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Habitation Modules 



Figure 5.4-3. Module design. 
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Figure 5.4-6. Preliminary water subsystem. 
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Figure 5.4-7. Programming matrix. 
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DESIGN ISSUES/REQUIREMENTS providing pressurized habitable volumes. 
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pressurized atmosphere contained within most of the structures, be a relatively simple and stable place to build. The lunar regolith, 

these structures must be able to support the differential pressures the generic term applied to all lunar surface soil types, is similar to 

resulting from a high internal pressure and a low external pressure. very fine grained sand and extends to a depth of at least two meters, 

Geometric shapes which most economically resist these tension and possibly twenty meters or more, fairly consistently over the lunar 

forces, such as spheres, would prove to be most economical in surface. The three main properties which are responsible for prob- 


o 


73 

)—« *-» 
cd cd 

1 

X 


P 

0 

S’ 5 

O 


w 

0 

3 

1 a 

>% 

*Z3 

U 

lx 

g 

v- y 

C 

4> 

CO 

t> 

-C 

O c 
‘S’ $« 
2 8 

cd 

C 

I 

-C 

i-» 

2 


S 8 

r- ^ 

O 

*3 

Cw 

T3 

X) 


13 /-n 

e 00 

g 2 

W) ^ 


3 H 


w o 


55 

*> rp 
^3 P 

0> -» 
X cd 

H o 


d c 

a o 

s ~ 

co 5 
V) P 

"ps P 

2 p 

3 6 

o *> 

i % 

CO CO 


r^3 «—1 co 

l %! 

o «3 2 

8 6 3 

<1 o o 
O. O w 
M c U 
c o 5 
■—1 o *“* 

<4-i 

* S3 *3 © 

111 

55 O ^ 

•O O e 

u o § 

•S 0 o 
- T3 Pu 
b C «J 
- 0 cd X 
O . ^ 

s *0 Id u 


"0 

04 

'w' 

E 

C3 

>* 

CO 

< 4-1 


O 

*s 


D 

E 

X* 

CO 

> 

s 

•s 

<3 

np 

3 

CO 

>% 

CO 

S’ 

13 

H 

CO 

lx 

p 

0 

f \ 

4-* 

O 

g 

■ H 
00 

2 

3 

8 

CO 


^ 

cd w rj 

S C *3 
<D - 

28- 

•2 II 

.2 -b 8 

O > 1) 

OJ C b 
td <i> Pi 


;o 50 

^« 

««00 

2 .s 

I.J 

11 

• »-i 4) 

- x 

O cd 

c ‘P 

w> H 

£ ‘1 


11 

11 

«* 

cm C> 

^ .a 

s -a b 

c o i2 
<5 t* T2 
*x S 3 

• h jrt P 
CO 2 T3 
<D cd 3 
OiS o p 


.g W) 

§ p 

Vn *h 

O bO 
C cd 
O M 
O O 
<U cd 

> <=^ 
o -a 
x S 

e? 

S' S> 

X > 
tp 

-9 13 


g'i 
s £ 

•S >> 


• f-4 

0> 

1 

c P 

4 —» 

O 

<-»—* 

• H 

■S 

4 -* 

O 0 

|*S 

g 

co 

0 

CO 

5 

K 

> 

• H 

cd 

i s 

f: 3 

P 

O 

u 

I 


t> 

* 

* 

o 

X 

• ♦ c** 

II 
1 6 
SB 
& 1 
W '«- 


>» o « 

.3 O 3 
u I u 

o a fe _J 

cj <-s .O IP 
M w4h q 

|h TJ 1J w 

3 p <3 <u 

cd «* X X 

£ >*P ~ 

^ bD ^ 

o o .0 

5| &$ 

•5 g g 1 

J8 'g * *8 

~ o P o 

a S § .§ 

g C cd 

C o >► "g 
^ *X ^ 

O *th *H 4) 
„C *0 ,ca £ 
ti »o <+i P 
C cd cd co 

§•"8# 
5«^S 
jS .a .§ «g 
« s 2 « 
H M- 5 

s a <*> ts 
j= 0 •- 5 
12 o c o, 
3 <= o a 
w xi « .5 

g § 5 a 

2 rf-fi § 

rp *73 co P 

o S ^3 <u 

CO O •—'_ 

S c t> bo 

•a n s 

« E -E5 « 


^ 3 ”3 

0^2 

. CO ^ 

(U <u ^ 
to co ’£3 CS 

8 (3 Vh oO 

o P a 

^ T3 ^ i-H 

b* & 8 00 
u e 

g « O N 

3 -a >< 00 

§1 °g 

11S< 

“ S. s 5 

i ^ as, 

a> a £ b 

r o *d £i 

•s I! a 

50 *P V) P 

S 3 .a £ 

4 ) P *S 

1 BH 

8 8| £ 

? o ^ O 

,<J-> to C X3 
C 4 -. c C3 *£3 

P-. O O 

2 « 8 . -8 

« b g « 

^^2 2 


S 8 

CJ t3 
JC P 

■J 8 

^ g 

1 Ji 

0> 1> 


<L> co 

,2 
o *-3 
h p 
cJ 5 

6 

c -a 

3’S 

T3 Cd 

•g s 

2 13 

Pi H 


a e" 

M E U ^ 

0) p c s 

a ^ «> s 
111 8 
11 -i 11 

1114* 

| a I w © 

£ M P h P 
cb P ^3 *<d 

bJQ >■» 4> «S -P 
50 ^ a 
P3 13 <^> C3 co 

llsll 

^■g Si 5 

1^ 111 
8 .3 2 ° x 
^ -E 00 g 
a ^ t> p 

112^.11 

i a^^g _§ § 

! 2 §S §>!§»' a 

> 2*2: 8 js 2 ^ 

, o . {a « a 

0 -5 • S § g 


js C 
2 O 
4) P P 
• 1 —> o o 
-C bO 33 
co d £3 

^ K O 
O o p* 

tj t/5 

cd 4 m s 

••§ § -S 
2 1 2 

13 *a ^ 

W C Vh 

a « u, 

g « o 

c in 

w 4) 
co cb > 
cd a) 


S J 

s ^ 

2 o 

o JP 

^ 6/5 
<u 

Jp > 

.P cd 

*2 jz 

ff.g 

v-i 

1 £ 

P i—* 

5 c 

<L> 


o u 

_C 4> 

P os 


txO 

c 

•g t 

> « 

8£ 



a 

c 

o 

E 

<L> 

I 

% 

i 

a 

M 

c 

bp 


(/) 

2 

*C 

o> 

C3 

S 

-Q 

o 

ca 

cd 

CQ 


u 

« 

W 

1/5 

c 

.2 

w 

a 

O 

CA 

E 

a> 

-*-» 

(A 

>> 

<s 

CO 

VO 


G 0 

3 

■g 

% 

1 

cd 

o 

I 

<£ 

<N 

co 

vo 


•8 


§ 


u « S 2 2 >5 T> S c ,H ^ 


JC 

* 

CO 

3 

cO 

CO 

4> 


i *m O 

^ O £ 

2 K >. 
■5 « x> 

O. j* 
. 6*0 

3 CO 
CJ 1 W 

Sop 

K cm £ 
o —, 5/3 

£ ^ c 
H c .S 

• -a -2 

v> g m 

-g C o 
1 22 * 

5 *o ^ 

6 Jfg 

o >, 2 

cd E 

„ e ^ 

O -a S 

c § i 

■o i 8 
§63 

•el 8 

OOP. 

g S 
5 I „ 

gj ^ o 

2 

3 
x> 

S 

£ 


cd 

E 


5 2 2 2 •fi T, 5 S 

§ -S •£ 5 e § > 

§ t> 8 ft'S s «g o 
«« 2 E^ e o-E 

.&£ o 

3, -* > 


>s C « 

i •§ 3 


. o 
> •g 

a > 

O. 2 

O 


b .2 a -a y c a ^ 

tfl-g’P > W §v© ft 2 

i; JS’S o'g f “I u | S 

^ a 13 n ^ a rS c 3 ^ 3 

iK rrt . C <U . , <rt TJ «h j: *3 


•g S -a 'I § 8 M 1 £ •§ S •§ 

3 2 § S'g'rt’ts - E 

£■5 . 


• 3 c S | 
cPo-Sfcyj^HJJo 


M» 4-» O 

w 2 t« ^ w 

<5 E & 3J 

7* w) c x> e 

^ 2 b cd ~ 

cd £ a js a, 2 ^ 

t -1 o cd C cd 


*o 

0) 


«o 
T3 t 3 


*3 

§ I 

u 3 

, * cd 


o 3? c 


a « _ 

_ O -C ^ 

■c a © s o 2 

^ £ o ,S S3 N 

g o a x> 

° *g - 3 


_ o § 

'5 § B 


S 2 

q 


CO 

<L> 


cd 


— cd 

CO m 

ssm 


-C C 

b^3_e c o^2S<D°-K 
o S*£ o S P 2 

•CJ<«y§o.SSc5s23 
o, o c tw h g £j a.o,j3 ° 

V . <0 H /•>. ^ Cd • H r/\ ^ 

o ig| o ^ § 3 .5 o •£ <n o 

s a a d, o ««-c 


pssa-ssy^O fsS 

2^ pL,<uco*C o ^ w> i: ^ 

<U co O 2 ,cd ’rt S*ri P O 

O -P V. S S Cd ^ 

O ? 2 E ■§ ■§ S « fi 5 H 2 

•c "E fee fi *S ^ o. 'E o a E 

5iS5i^7, 5<sSfi,:85 



c £ Jg'fla ft'g s 
S JS I*« 83 lib if 
ii!:5i&38-ai'-3 


CM 

£ 


cd 


o 

B 

2 

o 

> 


^•8 - ^ 
- So r! w 

3 5 JJ 
W) 55 


C/3 


o 

p, 

ti 



C/3 

o 


C/3 

C/3 

M 

cd 


c 

*3 

cm 

■*3 

o 

GO 

o 

cd 

C 

E 

jj 

cd 

GO 

4—* 

<u 

13 

■g 

GO 
» M 



in 

C/3 

c 


e 

’3 

o 

GO 

3 

GO 

cd 

a 

o 

3 

13 

8 

2 

o 

fi 

GO 

C/3 

• M 

3 





CO 

§ 

M 

o 

g 

CO 

o 

*p 

<d 

a 

D 

O 

c 

a. 

<s 

c4 

cn 

vd 



c s g 2 
^ 33 E v, 
1 S § E 

ill! 


s „ o : s s 
E | ^ u H I 

1-323 



•a .2 «5 ^ s 

I s|'S 1 

■1SS8. 


C .tt 
M J3 

® of a 

^-* C/3 O 

<* 3 *rt 

Sea 



o e 

'5 «§ 

11 

SJ 3 
o 2 
3 * 7 ? 

S 2 

■5-8 

v> cd 

•a g 

si 

O *d 
• h C/3 

J3 3 

^ E 

-a 

a 

o .„ 

<U C/3 

■31 

B. 

a d 

E S 

12 Eo 

•a* » 

■g«a , a 

815 
s .2 O 

^ 3 CA 

c a s 

o x; -S 

111 
^ *o *3 

£ s s? 



C/3 

c 

o 


O C/3 — 

w >> 

'p ? 

<D « ^ 

.3 O *3 

g 8 -8 ~ 

« 8 * B 8 

a e ° 

8 •- e o 

JQ •g ^ 5 

15 8 .9 

| i & a 

3 w -O g 
G oo JL O 

c «3 , o 
■a a ^ 8 « k 

g! §! -»S 

1 a & s 

8 p 7 k ^ a 
^ ts O O o °» 

§ -5 5 * I ? 

ula a 




structures, inflatables must either be of a least resistant geometry 6.3.2.4 Tent Structures 
such as a sphere or torus, or utilize a restraining device such as a net 

to help them retain their desired shape. Inflatables must also be Tent structures consist of stressed fabrics supported by compression 

redundant in construction so that a small puncture or separation will masts, arches or ribs. Many tent structures use cables to carry the 
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This power system should be located far from habitation areas and will serve as a prototype for a mature lunar base as well as space 

away from dust producing activities. stations and a Mars outpost. An efficient environmental support 

system will reduce reliance on outside sources of materials and 
thereby lower the cost of running a manned extraterrestrial facility as 
well as offer a psychological independence for the crew. By 
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as well as used efficiently. In terms of wayfinding, especially during 
Areas designated as a safehaven is required for the base in case of a the 14-day lunar night, a regular pattern to the lunar base will be 
solar flare emergency or failure of the main habitat. It should either important psychologically. A grid or axis that is easily understood 

be appropriately isolated ro physically separated from the rest of the at large distances will allow for easy orientation. Several ordering 

base and contain everything the crew may require until a rescue principles are inherent in the functions that make up the base and the 
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The psychological health of the crew should also be considered in the involved as images are transmitted back to earth. A configuration 

overall configuration of the habitat. Modules may quickly tire the that is well organized and pleasing will suggest intelligence and 

mind by the lack of a “visual landscape.” A larger length and width forethought as well as goodwill and a sense of unity, 
habitat is required for long-term psychological health. There should 
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The lunar base will, however, still be symbolic of a number of things 6.6.4.2 Care for the Lunar Environment 

to people not directly involved with the space program. It will hold 

a special place in the solar system as the first outpost on another A roadway system on the moon, even if not necessary for vehicular 

world and should therefroe reflect positive qualities of the nations use, would help restrict or at least contain the amount of footprints 
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Wayfinding and coding should be used as both normal operational ment. It is possible to make the spaces seem more privat than they 

and emergency aids in crew functioning. The use of lighting cues, actually are. In this way we may be able to effectively create the 

labeling, and colors can be used to denote various zones or controls. feeling of privacy without going to drastic, costly means to do it. 

Emergency lighting should respond automatically and indicate the Because of the need for visual and audio privacy, a physically 
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Simplicity in the design of this system would reduce crew training 
Figure 6.7.9-2 Proximity diagram for five major classes of time, lighten workloads, and minimize the potential for error. Aspects 

habitat activities (heavy lines mean close proximity, lighter lines such as psychological implications and effects must be considered, 

mean more separation). 

Coding is an important issue for all operations, systems, and equip- 
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spaces decor. The size of the potable water tanks must meet the requirement of 

having enough volume to meet the two day water use initial water 
In the systems where vibrations are present during operation, the treatment system start up. Depending upon launch logistics, the size 
material selected will either dampen the vibrations or other material of the potable water storage will be sufficient to provide a four day 
which will reduce the vibrations will be added to the system supply of potable water. 
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The water storage system for the ECLSS is designed to provide each The temperature for general use areas should be 23 to 24 C, with 

module with a supply of potable and hygiene water so that isolation a relative humidity between 30 to 50% (NASA-STD-3000,1989). 

of a module does not restrict the operation of the lunar base water To maintain this range, a finned-tube type heat exchanger is 

system. envisioned for the venting of heat into space. 
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Figure 7.1.1-1. Initial three phases for the hard module scenario of a Lunar Outpost leading up to IOC. 
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Figure 7.1.1-3. Base floor plan. 
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Figure 7.1.2-1. Entrance to the lava tube from a lunar crater, showing the command center 
on the surface level and the electromagnetic elevator to the deeper recesses of the tube. 
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Figure 7.1,2-4. Upper level floor plan. 









Figure 7.1.2-5. Site plan. 
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Figure 7.1.3-4. Phased development of the inflatable site from initial base setup to IOC 
(Phase 1) through expansions of the central research/habitat and oudying power and landing areas. 
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(b) Cargo will be brought down by landers and prepared for (d) Structure will be unpacked and unfolded on the lunar surface. 

construction. 



















7.2 FINAL DESIGN SOLUTION: INTEGRATIVE DESIGN 
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Safehavens will be accessible from all points of the base. The EVA Since the base will be covered in regolith radiation shielding, other 

modules will serve as the safehavens for the entire base. cues are provided to mark the dignified presence of the lunar base. 

A series of lights around structures and along roadways provide the 
base with a sense of unity among base elements. 
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Figure 1.22-3. Phasing of Project Genesis (cont.): Completion of Phase 4 - IOC. 
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7.2.3-1. Genesis Lunar Outpost: Phase 1 plans and section. 
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Project Genesis Lunar Base Design 



Figure 123-3. Phase 3 floor plan. 
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Genesis Lunar Outpost 



Figure 7.2.4-8. Regolith bagging and stacking - early phase. 












Project Genesis Lunar Base Design 



Figure 7.2.4-9. Regolith bagging and stacking near completion. 
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Schnarsky, A.J., Cordes, E.G., Crabb, T„ & Jacobs M. (1988). 
Space architecture: Lunarbase scenanos (ed. by E.G. Cordes, U. 
Moore, & S.J. Frahm). MilwaukeerUniversity of Wisconsin- 
Milwaukee, Center for Architecture and Urban Planning Re- 
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Genesis: Lunar outpost (D. Baschiera & 9 others, G.T. Moore, & 
T. Hansmann). Design project abstract in R.I. Selby, K.H. An¬ 
thony, J. Choi & B. Orland (Eds.), Coming of age: Proceedings of 




